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Warpage Control in Semiconductor Packages 
ABSTRACT 
High-performance cooling solutions that handle high-density electronics work optimally 
when the semiconductor package is lidless, e.g., when the silicon of the package is exposed to 
the coolant on the back (or top) side of the package. However, lidless packages suffer from 
warpage which can lead to device malfunction. This disclosure describes techniques for 
controlling the warping of semiconductor packages. A scaffolding made of steel (or other 
suitable material) is mechanically affixed to a stiffener ring during fabrication to ensure stiffness 
of the package. Alternatively, the package is pre-bent at room temperature such that it flattens at 
operating temperature. The scaffolding and pre-bending apparatus are removed after surface 
mounting, such that, during operation, the chip is exposed to heat-dissipation elements, e.g., 
coolants, heat sink, cold plate, etc. 
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BACKGROUND 
The trends of increasing transistor density and computational load have converged to 
create very high temperatures at integrated circuits (IC). Some examples of high-density ICs that 
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experience high temperatures include ICs used in GPUs, custom ASICs, etc.; ICs used in servers 
and data centers; ICs for applications in artificial intelligence, imaging; etc. Undissipated heat in 
such components can lead to slowdowns, malfunctions, and shortened IC life.  
High-performance cooling solutions that scale well with high-density electronics, e.g., 
direct liquid cooling, have been developed in response to the trends of greater heat dissipation 
and densities. High-performance cooling solutions work optimally when the package is lidless, 
e.g., when the silicon of the package is exposed to the coolant on the back (or top) side of the 
package.  
However, lidless packages suffer from warpage (bending). Warpage can be traced to a 
differential coefficient of thermal expansion (CTE) between different bonded layers, e.g., silicon 
and organic substrate, in the package. A chip that is flat at 150℃ (reference or stress-free 
temperature) can assume a happy-smiley shape at 250℃ (soldering temperature) or a sad-smiley 
shape at 25℃ (room temperature). 
To some extent, a circumferential copper stiffener ring affixed to the organic package 
substrate can mitigate warpage, but for large packages, e.g., of size 5 cm by 5 cm or larger, a 
stiffener ring is inadequate in reducing warpage. For large packages, substantial warpage can 
occur during and after fabrication. Uncontrolled warpage can lead to device malfunction, e.g., 
BGA solder balls at the base of the chip can lose coplanarity and contact with pads on the printed 
circuit board. On the other hand, lidless packages, which are subject to warpage, are an important 
element of high-performance cooling for high-density electronics.  
DESCRIPTION 
This disclosure describes techniques for controlling the warping of semiconductor 
packages. The techniques can be divided into two classes - scaffolding type and spring type. 
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Warpage control using a scaffolding-like structure 
(a) (b) 
Fig. 1: Warpage control using a scaffolding-like structure (a) stiffener ring (b) attaching the 
warpage control structure to the stiffener ring  
Fig. 1 illustrates warpage control using a scaffolding-like structure. A stiffener ring (102) 
is attached to the organic substrate at the edge of the package. The stiffener ring is located on the 
back, e.g., top, of the package, such that it is on the side of the package opposite the surface-
mount pads or pins (BGA, LGA, etc.). Screw holes (104) are made in the stiffener ring prior to 
its adhesive attachment to the package. A warpage control structure (106) is mechanically 
attached to the stiffener ring during fabrication and can be removed after surface mounting of the 
package. The warpage control structure can be made of steel or other material with suitable 
properties such as copper, aluminum, etc. 
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Fig. 2: Various scaffolding-type warpage control structures
Fig. 2 illustrates additional examples of scaffolding-type warpage control structures.  
Fig. 3: Augmenting a stiffener ring with landing pads 
Fig. 3 illustrates augmenting a stiffener ring with corner pedestals that can be used to 
fasten the warpage control structures. Corners are relatively more susceptible to warpage due to 
their distance from the center of the package. 
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Fig. 4: Side view of chip with warpage control structure 
Fig. 4 illustrates a side view of a package with a warpage control structure (402), fastened 
to the stiffener ring (404) of the package with bolts (406a-b). 
In this manner, the scaffolding-type structure described herein controls the warpage of 
lidless packages by having the warpage-control pieces overhang the ASIC and its package to 
increase the stiffness of the package. The warpage-control structure can comprise one or more 
pieces mechanically attached to each other, of which one or more pieces can be temporary. For 
example, all pieces installed during fabrication can be removed after surface mounting of the 
package. As another example, one piece can remain permanently attached to the package, while 
other pieces are removed after surface mounting. The temporary or permanent components of the 
warpage-control structure are fastened to the stiffener ring using threaded screw holes and 
screws or bolts. 
Subsequent to assembling the package on a printed circuit board (PCB), e.g., using ball-
grid array surface mount technology (BGA SMT), the temporary pieces can be removed to 
enable access to the back of the chip by coolants or other heat-dissipation elements, e.g., heat 
sink, cold plate, etc. 
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Warpage control using springs 
Fig. 5: Warpage control by pre-bending the package 
Fig. 5 illustrates warpage control using springs to pre-bend the package before the 
stiffener adhesive is fully cured. By thus pre-bending the package, the desired bending shape at 
operating conditions is locked in when the stiffener adhesive cures. For example, the springs can 
pre-bend the package to a sad-smiley shape at room temperature, such that it becomes flat at a 
(higher) operating temperature.  
As illustrated in Fig. 5, a package (502) is held in a fixture (508) and pre-bent using 
springs (504, 506a-b). The fixture can include brackets (510a-b) and bolts (512a-b) that can be 
screwed in to move the brackets inwards or outwards. The differential stiffnesses of the main 
(504) and side (506a-b) springs cause the package to be pre-bent as a happy-smiley or a sad-
smiley. Spacers (516) can additionally be used to obtain particular pre-bending shapes.  
After the stiffener adhesive (514) cures, the fixture and the springs are removed. 
Subsequent to assembling the package on a printed circuit board (PCB), e.g., using ball-grid 
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array surface mount technology (BGA SMT), the back of the chip is exposed to coolants or other 
heat-dissipation elements, e.g., heat sink, cold plate, etc. 
Per techniques described herein, warpage control of semiconductor packages can be 
accomplished using scaffolding-type structures, using springs, or a combination of the two.  
CONCLUSION 
This disclosure describes techniques for controlling the warping of semiconductor 
packages. A scaffolding made of steel (or other suitable material) is mechanically affixed to a 
stiffener ring during fabrication to ensure stiffness of the package. Alternatively, the package is 
pre-bent at room temperature such that it flattens at operating temperature. The scaffolding and 
pre-bending apparatus are removed after surface mounting, such that, during operation, the chip 
is exposed to heat-dissipation elements, e.g., coolants, heat sink, cold plate, etc.
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